Patient demographics, fellowship training, geographic location, and complications were extracted from the database. These data were analyzed to determine the incidence by year of individual procedures and complications. During the study period, 644 cases (352 male, 292 female; mean age, 29.7 years) and 730 CPT codes were reported. The most commonly reported fellowship was pediatric orthopedics. No trend was observed in the overall incidence of these surgeries, but there was an increase in the number of cases performed in the Midwest. There were 212 reported complications, with a rate of 33% per case, or 29% per CPT code (range, 12.5%-100% per CPT code). Complications reported ranged from infection to death. The incidence of complications over time showed no discernible trend. Based on the results of this study, the yearly incidence and complications associated with open hip preservation surgery performed by surgeons undergoing board certification should continue at a predictable rate. [Orthopedics. 2017; 40(1):e109-e116.]
Conditions that may contribute to the development of early-onset osteoarthritis of the hip include developmental dysplasia of the hip, slipped capital femoral epiphysis, Legg-Calvé-Perthes disease, and femoroacetabular impingement. The goal of hip preservation surgery is to address the sequelae of these conditions. Classically, fellowship training programs in sports medicine promote arthroscopic techniques, and pediatric orthopedic training programs commonly incorporate open techniques into the training curricula. However, those undergoing fellowship training in adult reconstruction or traumatology may be exposed to a combination of these techniques, depending on the emphasis of the individual program. Procedures that fall under the umbrella of hip preservation surgery include proximal femoral osteotomy, trochanteric osteotomy or advancement, osteochondroplasty of the femoral head and acetabulum, chondral or labral treatment, and pelvic osteotomy. 1, [9] [10] [11] [12] Although arthroscopic techniques may be used to address a variety of central and peripheral compartment abnormalities, 13 they may be insufficient to correct severe deformities of the proximal femur and acetabulum. Moreover, less invasive techniques do not allow for correction of version, alignment, or some forms of extra-articular impingement. In these cases, open techniques are necessary to restore proper biomechanics and force distribution across the articular surface.
Hip preservation surgery, both open and arthroscopic, has grown in scope and popularity during the past 10 to 15 years. Recent publications have reported a rapid expansion of both the number of procedures performed and the number of surgeons performing arthroscopic hip preservation surgery. 14, 15 Parallel trends in the learning curve and complications have closely followed this growth. [16] [17] [18] A number of recent studies have investigated failure after arthroscopic hip surgery and have emphasized the importance of recognizing subtle alterations in proximal femoral and acetabular alignment, orientation, and version. [19] [20] [21] All of these play a causative role in the inability of an arthroscopic procedure to fully correct more global deformities and joint force misdistribution. As the limits of hip arthroscopy continue to be clarified, the use of open and hybrid techniques is becoming common as a more powerful salvage tool and primary resource for addressing pain and dysfunction. Few studies have explored trends among surgeons performing open hip preservation surgery, although early complication rates among novice surgeons have been reported and are considerable in some series. [22] [23] [24] This study hypothesized that the incidence of open hip preservation surgery procedures performed by American Board of Orthopaedic Surgery (ABOS) candidates would increase during the study period, with complication rates remaining static.
Materials and Methods
Part II of the ABOS examination process includes an oral examination that scrutinizes a 6-month cross-section of a surgeon's cases. The ABOS maintains an electronic database of this information for several years after it is collected, and the database can be accessed for research purposes. Data collected for each applicant's cases include Current Procedural Terminology (CPT) codes, International Classification of Diseases, Ninth Revision, codes, and surgical complications.
The ABOS database was queried for all CPT codes related to open hip preservation surgery between 2003 and 2013 (surgery years 2002-2012) for all initial applicants sitting for Part II of board certification in patients 10 years or older. These CPT codes are summarized in Table 1. Patient age and sex were reported as mean±SD. All personal identifying information was removed from the data. Specific complications associated with these procedures were recorded and are summarized in Table 2 . Data for CPT codes and complications were broken into yearly data points. Additionally, surgeon information, including characteristics of fellowship training and geographic location of practice, were reported. These data are shown in Table 3 and Table 4 , respectively. Total number of procedures, number of complications, and surgeon characteristics were tabulated. Overall and yearly incidences of the data of interest were then calculated. Excel 2010 software (Microsoft, Redmond, Washington) was used to perform linear regression analysis on yearly data points for cases and CPT codes, complications, and geographic location. Regression coefficients and associated P values were reported to determine trends in the yearly incidence of data. Statistical significance was set at P<.05.
results
During the study period, 317 surgeons reported 644 cases (352 male, 292 female) with 730 CPT codes related to open hip preservation surgery. Mean patient age was 29.7 years (SD, 22.1 years). The most commonly reported fellowship was pediatric orthopedics (n=134), followed by adult reconstruction (n=77), trauma (n=57), and sports medicine (n=30). No significant change was noted in the yearly incidence of cases. As shown in With 303 reported cases, the most commonly reported CPT code was CPT code 27165, osteotomy of the intertrochanteric or subtrochanteric femur. The yearly incidence of this code was relatively static, with an average of 27.5 cases (range, 16-36 cases). This was followed by CPT code 27179, open treatment of slipped femoral epiphysis; osteoplasty of femoral neck, with 120 cases reported (range, 0-25 cas-es per year). Next were CPT code 27146, osteotomy of iliac, acetabular or innominate bone (total, 95 cases; range, 2-22 cases), and CPT code 27140, osteotomy and transfer of greater trochanter of femur (total, 82 cases; range, 3-27 cases), with the greatest number of cases of both occurring in 2012.
There were 212 reported complications, for a total incidence of 33% (212 of 644 cases) per case or 29% per CPT code (212 of 730). The lowest reported rate of complications per case was in 2008 (20%, 15 of 74), and the highest was 51% (28 of 55) in 2010. The number of yearly complications is shown in Figure 2 . Similar to the data on cases per year, there was no significant change in the yearly incidence of complications, as noted by the linear regression coefficient of 0.2352 (P=.13).
Complications reported ranged from infection to death. Unfortunately, 51 complications were categorized as either medical (28) or surgical (23), unspecified. The most commonly reported specific complication was bone fracture, which occurred in 23 cases (peak, 5 cases in 2008). Other common complications included wound infection (n=18), hemorrhage (n=8), nerve palsy or injury (n=10), nonunion or delayed union (n=11), wound dehiscence (n=14), and skin ulcer or blister (n=15). During the study period, 4 patients died. The cause of death was not reported for those cases. Two patients had a pulmonary embolism. Complete yearly data for complications are shown in Table 2 .
When complications were analyzed for individual CPT codes, rates ranged from 12.5% (CPT code 27179, open treatment of slipped femoral epiphysis; osteoplasty of femoral neck) to 56% (CPT code 27140, osteotomy and transfer of greater trochanter of femur). These data are summarized in Table 1 .
The greatest number of open hip preservation surgery procedures was performed in the Midwest (158), followed closely by the Northeast (153). In the Southwest, 131 cases were performed. The number of cases performed in the Midwest increased from 6 to 7 in 2003 to 2005 to 20 to 30 over the last 3 years of the study period (2011-2013), a 270% increase. The linear regression coefficient of a trend line for this data was 0.639 (P=.003), indicating a strong correlation of the increase over time in the number of cases performed in the Midwest region. Regression coefficients and P values for the remainder of the geographic data are shown in Table 4 .
discussion
Hip preservation surgery has clearly grown in popularity and complexity during the past 10 to 15 years. 14 The authors of these studies 14, 15 postulated that this growth could be caused by a number of factors. Improvements in diagnostic imaging and clinical awareness have led to greater recognition of intra-articular hip pathology. Technical innovations have promoted skill acquisition by surgeons and have increased the versatility and power of the available techniques. Many fellowship training programs now routinely incorporate exposure to hip preservation surgery as part of the didactic curricula. As shown in this study, these fellowships usually include pediatrics, adult reconstruction, trauma, and to a lesser extent, sports medicine.
Despite the growing popularity of arthroscopic hip preservation surgery, the current study did not find similar trends 
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Copyright © SLACK inCorporAted n Feature Article Table 2 Incidence This study noted an increase in the yearly incidence of cases performed in the Midwest. The Midwest was followed closely by the Northeast in the total number of cases performed. This could be related to the presence of centers of excellence that have a focus on hip preservation as a component of their practice interests and associated fellowship training in these regions. Candidates who complete these programs may be more likely to practice in these areas and more willing to perform these cases in their first year of practice, leading to the results seen in this study. 25, 26 The learning curve associated with open hip preservation techniques, specifically, periacetabular osteotomy, was documented in previous studies. [22] [23] [24] A single-surgeon case series found that complications of periacetabular osteotomy decreased from 17% in the first 35 cases to 2.9% in the next 35 cases. 22 Peters et al 23,24 reported 9 of 10 major complications and 5 of 6 failed surgical procedures in the first 30 periacetabular osteotomy procedures performed by a single surgeon. These findings suggest 
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Other 12 n Feature Article a learning curve effect that correlates with skill acquisition and experience. The overall complication rate for periacetabular osteotomy (21%) in this study was consistent with established data on complication rates for surgeons early in the learning curve.
Review of the literature showed a variety of reported complication rates for open hip preservation techniques. A systematic review of the literature determined that the rate of major complications after periacetabular osteotomy was 6% to 37%. 27 In a multicenter review, the incidence of venous thromboembolism was 9.4 per 1000 periacetabular osteotomy procedures. 28 A multicenter study of surgical dislocation of the hip found an overall complication rate of 9% (4.8% if heterotopic ossification was excluded), with only 0.3% of complications resulting in a long-term deficit. 29 A recent prospective multicenter study found a major complication rate of 5.9% for periacetabular osteotomy performed by experienced hip surgeons. 30 Hellman et al 31 reported relatively higher complication rates that were similar to the results of the current study. Complications after surgical hip dislocation included trochanteric bursitis in 26% of cases and a nonunion rate of 3% to 20% at the site of trochanteric osteotomy. 
Limitations
Retrospective studies, including the current study, have inherent limitations associated with the use of CPT data for research purposes. For example, there is no CPT code for surgical hip dislocation per se, but trochanteric osteotomy, which is a technical step in the procedure that also can facilitate relative femoral neck lengthening, can be coded by the surgeon, although it is not the primary procedure. Similarly, there is no established CPT code for open acetabular labral repair, which is often conducted with femoral osteochondroplasty and trimming of the acetabular rim. It may be captured with an unlisted procedure, but in a study that uses CPT data mining, the specific procedure would not be captured in the data set. Thus, there is no way to compare the number of open labral repairs performed with the number of arthroscopic labral repairs, for which there is a specific code. If a code for open labral repair existed, the results of this review potentially could have been altered. The authors are unaware of a means of correcting this shortcoming, given the limitations of the data set. Finally, the use of CPT codes alone does not allow the indication for the procedure to be determined. For example, CPT code 27179 captures open osteoplasty of the femoral head and a type of open treatment of acute slipped capital femoral epiphysis, but the latter is not of interest for this study. Therefore, some of the cases reported for this CPT code may not fall under the indication of hip preservation surgery, potentially inflating the incidence of hip preservation surgery reported in this study.
Other limitations of the study are intrinsic to the nature of the available data, which were reported in aggregate as opposed to individual cases. Therefore, multiple complications may have been reported for a single case, and this would falsely inflate the calculated incidence rates in this study. Also, data for venous thromboembolism were not divided between pulmonary embolism and deep venous thrombosis, so the rate of deep venous thrombosis in this population could not be determined. Therefore, the total number and yearly incidence of cases and reported complications may be less than the figures reported in this study. Additionally, because the data were reported by physicians, certain information, including complications, may be under-or overreported. However, the authors believe that 2 factors make inaccurate reporting less likely to occur. First, the completeness of the data was certified when the data were submitted to the ABOS. Second, applicants likely take great care to ensure that data are complete and accurate because the cases may be selected for in-depth review as part of the high-stakes examination process, and inaccurate data may lead to failure.
Another limitation of this study was the lack of available data on applicants for recertification. It would be useful to collect data on established surgeons who have been performing hip preservation surgery for years to learn how the complication rates compare with the current findings and published reports. Although there are single-surgeon reports and systematic reviews of specific procedures, future study could focus on a meta-analysis of these reports, encompassing all techniques for open hip preservation surgery.
An additional limitation of this study was that it captured only practice patterns of candidates sitting for Part II of the ABOS examination. Comparison of data from international surgeons and data from American surgeons would likely show differences in practice patterns as well as differences in cultural and philosophical beliefs. For example, because pioneering surgeons in Europe revolutionized hip preservation surgery, European trainees may be more likely than American surgeons to treat pathologic hip conditions with open surgical techniques.
conclusion
The incidence of open hip preservation surgery and associated complications among first-time ABOS candidates remained stable during the study period, in contrast to the significant increase in arthroscopic surgery during the same period, as previously reported. 14, 15 Future studies are needed to compare the incidence of complications among first-time applicants and more experienced surgeons undergoing recertification. Additionally, a meta-analysis of published data on open hip preservation surgery would help to assess the true overall incidence and complications associated with these procedures. It would be useful to determine whether the increased rate of arthroscopic hip preservation surgery compared with the static rate of open hip preservation surgery has led to undertreatment of patients with significant bony deformities and how much bony deformity can be reliably corrected with arthroscopy. Based on the current findings, open hip preservation surgery will continue to be performed at a predictable rate.
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